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Abstract
After a brief introduction to the AdS/CFT holography a tachyon inflation will
be discussed in the framework of holographic cosmology. The model is based on a
holographic braneworld scenario with an effective tachyon field on a D3-brane located
at the holographic bound of an asymptotic ADS5 bulk.
1 Introduction
Branewarld cosmology is based on the scenario in which matter is confined on a brane moving
in the higher dimensional bulk with only gravity allowed to propagate in the bulk [1, 2, 3, 4].
The brane can be placed, e.g., at the boundary of a 5-dim asymptotically anti de Sitter
(AdS) space-time. We shall refer to this type of braneworld as the holographic braneworld
[5, 6].
It is important to stress that AdS space appears naturally in the context of M/string
theory. The point is that pure supergravity theories, without additional supersymmetric
matter in arbitrary dimensions, necessarily satisfy the strong energy condition [7]. After
compactification of 10 or 11-dimensional theory down to 4+1-dimensional spacetime X, the
stress tensor in X also satisfies the strong energy condition. As a consequence, if we wish
X to be a maximally symmetric spacetime, it must be an Einstein space with non-positive
cosmological constant, i.e., X must be either Minkowski or anti de Sitter.
In the study of the holographic braneworld a crucial property of an asymptotically AdS
bulk is that AdS space is dual to a conformal field theory at its boundary. The so called anti
de Sitter/conformal field theory (AdS/CFT) correspondence [8] reflects an obvious symmetry
relationship: on the bulk side, AdS5 is a maximally symmetric solution to Einsteins equa-
tions with negative cosmological constant with the symmetry group AdS5 ≡ SO(4,2); on the
boundary side, the boundary conformal field theory is invariant under conformal transfor-
mations: Poincare´ + dilatations + special conformal transformation. These transformations
constitute the conformal group which is locally isomorphic to the SO(4,2) symmetry group.
∗bilic@irb.hr
1
time
Conformal 
boundary at z=0
space
z
xRSII brane at 
z=zbr
Figure 1: Illustration of the AdS5 bulk with two branes: Randall-Sundrum (RSII) brane
located at z = zbr and the holographic brane at z = 0.
Our aim here is to study a model of tachyon inflation in the framework of holographic cos-
mology. In tachyon inflation models [9, 10, 11, 12, 13] inflation is driven by the tachyon field
originating in string theory. In particular, our model is based on a holographic braneworld
scenario with an effective tachyon field on the D3-brane located at the holographic boundary
of an asymptotic ADS5 bulk. This scenario is partly based on our previous works [14, 15, 16].
The remainder of the paper is organized as follows. We begin by section 2 in which we
give brief introduction to the AdS/CFT correspondence including the holographic renormal-
ization (section 2.1) and a derivation of holographic cosmology (section 2.2). In this section
we add a subsection 2.3 in which we comment on a modified Gauss-Bonnet gravity in relation
to holographic cosmology. In section 3 we propose a model for tachyon inflation and present
preliminary results. Conclusions and outlook are given in section 4.
2 AdS/CFT and holographic cosmology
A general asymptotically AdS5 metric in Fefferman-Graham coordinates [17] is of the form
ds2 = Gabdx
adxb =
ℓ2
z2
(
gµνdx
µdxν − dz2) , (1)
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where the length scale ℓ is the AdS curvature radius and we use the Latin alphabet for 4+1
and the Greek alphabet for 3+1 spacetime indices. Consider a 5-dim bulk action in AdS5
background
S(5)[Φ] =
∫
d5x
√
GL(5)(Φ, Gab). (2)
Given an induced metric hµν on the boundary and a boundary value Φ(x, z = 0) ≡ φ(x), the
bulk field Φ is completely determined by its field equations obtained from the variational
principle
δS(5)
δΦ
= 0. (3)
A solution Φ[φ, h] to this equation can be used to define a functional
S[φ, h] = Ssh(5) [Φ[φ, h]] , (4)
where Ssh(5) [Φ[φ, h]] is the on shell bulk action. Then the AdS/CFT conjecture states that
S[φ, h] can be identified with the generating functional of a conformal field theory (CFT) on
the boundary, i.e.,
S[φ, h] ≡ ln
∫
dψ exp
{
−
∫
d4x
√
|h| [LCFT(ψ(x))−O(ψ(x))φ(x)]} , (5)
where LCFT is a CFT Lagrangian, O(ψ) are CFT operators of dimension ∆, and the boundary
fields serve as sources for CFT operators. In this way the CFT correlation functions can be
calculated as functional derivatives of the on-shell bulk action, e.g.,
δ2S(5)
δφ(x)δφ(y)
= 〈O(ψ(x))O(ψ(y))〉 − 〈O(ψ(x))〉〈O(ψ(y))〉. (6)
Similarly, the induced metric hµν serves as the source for the the stress tensor operator of
the dual CFT so that its vacuum expectation value is obtained as
1
2
√|h|
δS(5)
δhµν
= 〈TCFTµν 〉. (7)
2.1 Holographic renormalization
Consider next the bulk action with only gravity in the bulk
S(5)[G] =
1
8πG5
∫
d5x
√
G
[
−R
(5)[G]
2
− Λ5
]
, (8)
where G5 is the five-dimensional gravitational constant and Λ5 is the bulk cosmological
constant related to the AdS curvature radius as Λ5 = −6/ℓ2. The on-shell action is IR
divergent and must be regularized and renormalized. The asymptotically AdS metric near
z = 0 can be expanded as
gµν(z, x) = g
(0)
µν (x) + z
2g(2)µν (x) + z
4g(4)µν (x) + · · · . (9)
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Explicit expressions for g
(2n)
µν in terms of arbitrary g
(0)
µν can be found in Ref. [18]. We regularize
the action by placing a brane (RSII brane) near the boundary, i.e., at z = ǫℓ, ǫ≪ 1, so that
the induced metric on the brane is
hµν =
1
ǫ2
gµν(ǫℓ, x) =
1
ǫ2
(
g(0)µν + ǫ
2ℓ2g(2)µν + ǫ
4ℓ4g(4)µν + · · ·
)
. (10)
The bulk splits in two regions: 0 ≤ z < ǫℓ and ǫℓ ≤ z < ∞. We can either discard the
0 ≤ z < ǫℓ region (one-sided regularization) or invoke the Z2 symmetry and identify two
regions (two-sided regularization). For simplicity we shall use the one-sided regularization.
The regularized on shell bulk action is [19]
Sreg(5) [h] =
1
8πG5
∫
z≥ǫℓ
d5x
√
G
[
−R
(5)
2
− Λ5
]
+ SGH[h] + Sbr[h], (11)
where SGH is the Gibbons-Hawking boundary term and the brane action is given by
Sbr[h] =
∫
d4x
√
|h|(−σ + Lmatt[h]), (12)
where σ is the brane tension and the Lagrangian Lmatt describes matter on the brane. The
renormalized action is obtained by adding counter-terms and taking the limit ǫ→ 0
Sren[h] = Sreg(5) [h] + S1[h] + S2[h] + S3[h], (13)
The necessary counter-terms are [18, 20]
S1[h] = − 6
16πG5ℓ
∫
d4x
√
|h|, (14)
S2[h] = − ℓ
16πG5
∫
d4x
√
|h|
(
−R[h]
2
)
, (15)
S3[h] = − ℓ
3
16πG5
∫
d4x
√
|h| log ǫ
4
(
Rµν [h]Rµν [h] −1
3
R2[h]
)
. (16)
The last term is scheme dependent and its integrand is proportional to the holographic
conformal anomaly [21]. Now we demand that the variation with respect to the induced
metric hµν of the regularized on shell bulk action (RSII action) vanishes, i.e., we require
δSreg(5) [h] = 0, (17)
which may be expressed as
δ
[
Sren − S3 −
(
σ − 3
8πG5ℓ
)∫
d4x
√
|h|+
∫
d4x
√
|h|Lmatt
− ℓ
16πG5
∫
d4x
√
|h|R[h]
2
]
=0. (18)
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The third term gives the contribution to the cosmological constant and may be eliminated
by imposing the RSII fine-tuning condition
σ =
3
8πG5ℓ
. (19)
The variation of the scheme dependent S3 may be combined with the first term so that
2√−h
δSren
δhµν
− 2√−h
δS3
δhµν
= 〈TCFTµν 〉, (20)
according to the AdS/CFT prescription (7). The net effect of δS3 is that it cancels the R
term in the conformal anomaly [22] so the trace of the CFT stress tensor simply reads
〈TCFTµµ〉 = −
ℓ3
64πG5
(
RµνRµν − 1
3
R2
)
. (21)
The variation equation (18) yields four-dimensional Einstein’s equations on the boundary
Rµν − 1
2
Rg(0)µν = 8πGN(〈TCFTµν 〉+ Tmattµν ), (22)
where Rµν is the Ricci tensor associated with the metric g
(0)
µν and the energy energy-momentum
tensor
Tmatt
µ
ν = diag(ρ,−p,−p,−p) (23)
corresponds to the Lagrangian Lmatt and describes matter on the brane. Thanks to the
AdS/CFT correspondence, the vacuum expectation value 〈TCFTµν 〉 is obtained in terms of
quantities related to the bulk metric [18]
〈TCFTµν 〉 =
ℓ3
4πG5
{
1
8
[
(Trg(2))2 − Tr(g(2))2] g(0)µν + 12(g(2))2µν − 14Trg(2)g(2)µν − g(4)µν
}
. (24)
In the next section we will specify the boundary metric in the FRW form and derive the
evolution equations on the holographic brane.
2.2 Holographic cosmology
Here we outline a derivation of the Friedmann equations on the holographic brane follow-
ing Refs. [5, 6]. For this purpose it is convenient to represent the bulk metric in AdS-
Schwarzschild static coordinates [23]
ds2(5) = f(r)dτ
2 − dr
2
f(r)
− r2dΩ2k, (25)
where
f(r) =
r2
ℓ2
+ k − µℓ
2
r2
(26)
and
dΩ2k = dχ
2 +
sin2(
√
kχ)
k
(dϑ2 + sin2 ϑdϕ2) (27)
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is the spatial line element for a closed (k = 1), open hyperbolic (k = −1), or open flat
(k = 0) space. The dimensionless parameter µ is related to the black-hole mass via [24, 25]
µ =
8G5Mbh
3πℓ2
. (28)
Starting from (25) we make a coordinate transformation
τ = τ(t, z), r = r(t, z), (29)
such that the line element in new coordinates takes the form
ds2(5) =
ℓ2
z2
(N 2(t, z)dt2 −A2(t, z)dΩ2k − dz2) , (30)
where
A2(t, z) = z
2
ℓ2
r2(t, z) (31)
and N is fixed by the requirement that the off diagonal elements of the transformed metric
vanish. Next, imposing the boundary conditions at z=0:
N (t, 0) = 1, A(t, 0) = a(t), (32)
we obtain the induced metric at the boundary in the FRW form
ds2 = g(0)µν dx
µdxν = dt2 − a2(t)dΩ2k. (33)
Solving Einsteins equations in the bulk one finds [5]
A2 = a2
[
1−
(
H2 +
k
a2
)
z2
4
]2
+
1
4
µz4
a2
, (34)
N = A˙
a˙
, (35)
where H = a˙/a is the Hubble expansion rate on the z = 0 boundary. Comparing the exact
solution with the expansion (9) we can extract g
(2)
µν and g
(4)
µν . Then, using (24) we find the
expression for TCFT in the special case of the boundary metric (33)
〈TCFTµν 〉 = tµν +
1
4
〈TCFTαα〉g(0)µν . (36)
The second term on the right-hand side corresponds to the conformal anomaly
〈TCFTαα〉 =
3ℓ3
16πG5
a¨
a
(
H2 +
k
a2
)
. (37)
The first term on the right-hand side of (36) is a traceless tensor the nonvanishing components
of which are
t00 = −3tii =
3ℓ3
64πG5
[(
H2 +
k
a2
)2
+
4µ
a4
− a¨
a˙
(
H2 +
k
a2
)]
. (38)
6
Hence, apart from the conformal anomaly, the CFT dual to the time dependent asymptoti-
cally AdS5 metric (30) is a conformal fluid with the equation of state pCFT = ρCFT/3, where
ρCFT = t00, pCFT = −tii.
Next, using the effective Einstein equations (22) we obtain the holographic Friedmann
equation [5, 22] which for a spatially flat geometry (k = 0) takes the form
H2 − ℓ
2
4
H4 =
8πGN
3
ρ+
4µ
a4
. (39)
Hence, one finds a deviation from the standard cosmology in two terms: the term propor-
tional to H4 on the left-hand side and the last term on the right-hand side, the so called
“dark radiation”. Combining (39) and the energy conservation equation
ρ˙+ 3H(p+ ρ) = 0, (40)
one can easily derive the second Friedmann equation on the holographic brane
H˙
(
1− ℓ
2
2
H2
)
= −4πGN(p+ ρ). (41)
It is worth mentioning that holographic type cosmologies have been studied in other
contexts [26, 27, 28, 29, 30, 31]. In particular, a modified Gauss-Bonnett gravity [32] in a
cosmological context leads in a special case to the equation of the form (39) with µ = 0.
It is instructive to briefly elaborate on this special form of modified Gauss-Bonnet gravity
following C. Gao [29].
2.3 Connection with modified Gauss-Bonnet gravity
A modified Gauss-Bonnet gravity belongs to a class of modified gravity models in which
the gravitational action is a general function of two variables: the Ricci scalar R and the
Gauss-Bonnet invariant
G = R2 − 4RµνRµν +RµνρσRµνρσ. (42)
The total action in such a model can be written in the form
S =
∫
d4x
√−g
[
1
16πGN
(−R + f(R,G)) + Lmatt
]
, (43)
where f is a smooth function. This class of models was shown to be ghost free [33, 34]. In a
cosmological context it is natural to require in addition that the second Friedmann equation
is linear in H˙ . Then it follows [29] that f must be a function of only one variable f = f(J)
where
J =
1√
12
(
−R +
√
R2 − 6G
)1/2
. (44)
For a spatially flat metric one finds J = a˙/a ≡ H and the first Friedmann equation takes
the form
H2 +
1
6
(
f(H)−H df
dH
)
=
8πGN
3
ρ. (45)
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Hence, the left hand side is a function of H only and the second Friedmann equation will be
linear in H˙. In particular, for
f =
1
2
ℓ2H4, (46)
the Friedman equation takes the holographic form (39) with µ = 0. Thus, the holographic
cosmology is reproduced in a modified Gauss-Bonnet gravity with action
S =
∫
d4x
√−g
[
1
16πGN
(
−R + ℓ
2
288
(√
R2 − 6G − R
)2)
+ Lmatt
]
. (47)
3 Tachyon inflation on the holographic brane
Here we give a brief recapitulation of the results which will be presented in more detail
elsewhere [35]. We start from a general tachyon Lagrangian
L = −ℓ−4V (θ/ℓ)√1− gµνθ,µθ,ν , (48)
where the field θ is of dimension of length and the AdS5 curvature radius ℓ fixes the scale.
The potential V is an arbitrary non-increasing function. Assuming a spatially flat FRW
metric on the holographic brane we solve the field equations augmented by the holographic
Friedman equation (39) with µ = 0,
H2 − ℓ
2
4
H4 =
8πGN
3
ρ, (49)
where ρ = ℓ−4V/
√
1− θ˙2. Solving (49) as a quadratic equation for H2 we find
H2 =
2
ℓ2
(
1±
√
1− 8πGN
3
ℓ2ρ
)
. (50)
Demanding that this equation reduces to the standard Friedmann equation in the low density
limit, i.e., in the limit when GNℓ
2ρ≪ 1, we can discard the (+) sign solution. Then from (50)
it follows that H2 can vary between zero and its maximal value H2max = 2/ℓ
2 corresponding to
the maximal energy density ρmax = 3/(8πGℓ
2) [6, 36]. If in addition we assume no violation
of the weak energy condition ρ ≥ 0, p + ρ ≥ 0, the expansion rate will, according to (41),
be a monotonously decreasing function of time. The universe evolution starts from t = 0
with an initial Hi ≤ Hmax with energy density and cosmological scale both finite. Hence, as
already noted in Ref. [29], in the modified cosmology described by the Friedmann equation
(49) the Big Bang singularity is avoided!
In the following we will examine a simple exponential potential V = e−ωx where ω is a
free dimensionless parameter. This potential has been extensively exploited in the tachyon
literature [11, 12, 13, 37].
Tachyon inflation is based upon the slow evolution of θ with the slow-roll conditions
θ˙2 ≪ 1, |θ¨| ≪ 3Hθ˙. (51)
8
ns
r
Figure 2: r versus ns for fixed N = 70 (dashed red line) and N = 90 (full blue line) and
varying initial values H2i ranging from 0 to 2ℓ
−2 along the lines. The parameter ω is also
varying in view of (54). The dash-dotted and dotted lines denote the Planck contours of the
one and two σ constraints, respectively.
Then, during inflation we find
H2ℓ2 ≃ 2(1−
√
1− κ2V/3), (52)
where κ2 = 8πG/ℓ2. Using this we can calculate the so called number of e-folds defined as
N ≡
∫ tf
ti
Hdt, (53)
where the subscripts i and f denote respectively the beginning and the end of inflation. This
can be calculated explicitly yielding an expression that relates the initial expansion rate Hi
to ω and N
N =
12
ω2
[√
1− ω
2
3
− 1 + H
2
i ℓ
2
2
+ ln
(
2− H
2
i ℓ
2
2
)
− ln
(
1 +
√
1− ω
2
3
)]
. (54)
The slow-roll inflation parameters
ε1 ≡ − H˙
H2
=
ω2(4−H2ℓ2)
6H2ℓ2(2−H2ℓ2) , ε2 ≡
ε˙1
Hε1
= 2ε1
(
1− 2H
2ℓ2
(2−H2ℓ2)(4−H2ℓ2)
)
, (55)
are related to the tensor-to-scalar ratio r and the scalar spectral index ns defined by
r =
PT
PS , ns =
d lnPS
d ln q
, (56)
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where PS and PT are the power spectra of scalar and tensor perturbations, respectively, eval-
uated at the horizon, i.e., for a wave-number satisfying q = aH . Combining the previously
developed techniques for calculating the power spectra [10, 13, 36, 38] applied to the tachyon
fluid we find at the lowest order in ε1 and ε2
r = 16ε1
(
1− H
2ℓ2
2
)(
1− Cε2 − 4− 2H
2ℓ2
12− 3H2ℓ2 ε1
)
, (57)
ns = 1 +
(
−3 + 2− 3H
2ℓ2
2−H2ℓ2
)
ε1 − ε2, (58)
where C = −2+ln 2+γ ≃ −0.72 and γ is the Euler constant. These expressions substantially
deviate from the lowest order results in the canonical scalar inflation and standard tachyon
inflation [13]. A comparison of our preliminary results with Planck 2015 [39] data (Fig. 2)
as well as with the most recent Planck data1 [40] shows a reasonable agreement.
4 Conclusions and outlook
In this brief review we have discussed a holographic cosmology in a braneworld scenario
applied to tachyon inflation. We have shown that the slow-roll equations of the tachyon
inflation with exponentially attenuating potential on the holographic brane are quite distinct
from those of the standard tachyon inflation with the same potential. The presented results
obtained in the slow roll approximation are preliminary. What remains to be done is to solve
the exact equations numerically for the same potential and for various other potentials that
have been exploited in the literature.
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